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£Q3 &&& 2W 

£ lg AIN«*S| *W2f GaN»S| 294 40|2| 8719 £48 391°. 

£ 2fc AINOI 9»«PI *I8 ££2* 3**3 4019 3*1 £48 3315- 

£38 8 »as| 440|£4 a*S CH>|££9 £48 £2- 

£ 4fr 0CO r 3UI«8 £Q)E|g<|| 2|8| 998 AINHm*(H 2084 a* a)^d MOCVOttfOd 2J8I 49B01 
948 G^ftSI £9 IMS £48 £8- 

£ 5b 0COI314S5 ±nHM«0| 948 AINUim9(5 2014 99 b)4d M0CV0«OI 2J8I 49301 

248 QaNfcSJ £9 71 «• £48 £3. 

£ 6g OCOrHmfiS ^0|E)«Sai SKI 948 AINUHH9(S 2014 99 c)40l MOCVDtfOfl 2<8| 4990) 

948 G*l*3 £9 *189 £48 £8. 

£ 7a U* £ 7efc » 2 U2| 9221 «HEEO 98 48- 

£ 88 & 2UI2I 91 aSI 8019 48. 

£ 98 a 2UISI 99 bS| 8019 48- 

£ 108 & 2\MS\ 99 cS) 8012 48. 

£ 118 S 2U9 99 dSI 8012 4S- 

<£B2| *fi*«08 CI8 ¥£2l 49> 

10 : *412 -t* 11 - 4HrO|01 718 

15 : fcflm* 16 : »-9 *2*£* 

17 : 929 ,B : P-* #3I£* 

19 : 9*3» 8? 20 : p-9 8^ *£ 

21 : n-9 8^ WIE 

WW 01 * ^7 jfftfAST W&PiW 

8 ill 3412* »&9 H»£AH 3( H *12«U<* 88 3101a. 

8 998 S80| »S£ 8S8 818? *«t*8 *■ 9 11-130475 2 31 XI 9 11-266499 39 ?l*£ 8 
*0IQ. 

2*1 3*2 £*2t a?8 »■* S*)8 ££* *7|g* H«mtl(Hitil Organic Choaical 

Vapor Dapoaltion Method) ( 89 014 MOCVOa *2 If CI)* 2|8| 4«r0|O| 71840* AlJ3a,- 

^(0^x^1)8 *\W 99 494*13: MXVO«H£ UHH940K HI* 2*r9 »99 8£»99 C| 494 
?lfc S*I0» 9* «5E612P. 

MOCVOtlOfl 2iOI4. 92U01 7 r ±21 93019 tt*0|9(TMA). eE|Q|9 tfS(T>«)3l SSKH9 8S(TMI)j» 
28 mm iVifi ^9 a(28 S££ 7*98 71»«rai 53«|H 718401 991b 392101 

99£|£«* 28«?8Q. 0| «9H 2*014. UHH99 320*71 *8 S«* 7|£:S4 4998 TMA9i 28 

Sr«98 y\moi 9Q. oifc mm aai27i 909 as* *x?2i 7^9*018 8*7i siao. 

AljSat-JKO^X** !)££ 01*018 UHQ99 M0CVO9 0|2|2| 99011 2)* 94&QB. TMA. TMB2I 28 * 
71 3^ »«1921 499 ajni9 + 2iC|. 019 &8. 98? XI 9 5-88646£<«8 Uim90l 2 

« SmSBT «l I 94Sa: uim92 &SU0I 71^(8 440«OI4fe &SM0J21 S4:)2 S»6r8 
S?17|0|4 7r2(800r U* lOOOrsi SS»IX|)8 *«l »1««0I HI* *7|§* 9988 256131: HI* 
8713* 8(992t 3918512 2*424?I2 29 3983 AljflaWMO^X ^09 «1W«4«I 494?l 

8 9«0| ^I8SI0| 2iQ. a?St ^QEIttOII 2181 Al^at^CO^X^ DSS 0|^(H8 HUH 98 S4«18 
01 498 SXIfifc 3fe£2| 3«> 9¥0IM 3^ 980IP. Er3»S£4 012 7»X|fc OrSSai 

2£ 89 ^r^7r ^«EI 71^S4 488P. 0198 2^01 21014. SS 8WS92I tt8 tM*IX| SQ. 
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aaiHS. ±»2i Mocvotton 21* mm** aaapi *8 &ui8 *7is* ata** swim a* 

HI* * 992| 99**01 8IC^ *8I5S XI 9 5-86646 fiOfl 7IAI8 «Mfl * A|£m7|fe 8f2£l4. 3 

*9 ^nistiof o|8| g^g Ai,<k,.j4(o3x3 i)o £ oi*ois uiniaoi assise* mocvobu 2|8fl 93 
8 m* a*!* aas »>£»i*2i 9*301 aiaioi 99**21 a?* 8*Ai*ixit smaa. *. g 
71 328 ao«5 in* saga »aa »£**st asss MocvDtiott 2t« asa aijos,. 

^(oSx^n utmsoi asasL* wrvoaoi °i8i 93s in* sstsa 99* 8£**2i asaaq 

8 *e wasj 99**8 m* a*i*7i 99* 8£«*2i aaa* tus^i *8 «i musi a»e* 
sfasui. n a». s is arse ma aao. 

*. Ill* S^iTI 99* 8S*I ±*fe: 7|©»: 50A U* 3000A2I ¥*l* *7|g* 99** 

sxifi£ Aiwmxi at vac* si* 7i83<* 938 a 121 hi* a*** 9©**»: * ia m* a 
9*ti 99***01 *38 ji 221 in* s9«ti siot »£»** ?ui8a. 

2?io* a 98 ma as ?£2i hi* s»ia acta a*£a»2i ?i*a ?ww 

j$ 121 in * gas:* 99**£M* 92s ai 22i ni* 39971 vera t»£*i*s umaot * a 121 
hi* 99*t« 99**21 *** 3*9**h£ai ^sa. 

a*, xi 121 in* 33*s* 99**21 soa u* aoooAsi «*7i ma^cia. #?i *oi soas 
a 9pb. as mni*H£*2i 7i*» a * aa. 99**21 a** a**e. 2**21 *n?\ 3000 
asp ^aaa. * i2i m* 99** 99**301 93s a 221 m* s9*tb acta £fe 
xi ig a* Am 99**2 a*oi a 39301 au. *. a 01 soAoim soooAoi^oia 
u*9*8i* aa. 

88. 98^ **** *l a 5-86646 £<*b 1000 A U* 7000A2I 7118 7f*fe 1*19*21 AfSOl 7|A1 

sen aa. nau. soooass aas et^aast #88 99**<* 21* 901a a*8 71*0101 oion 21 
an * ma 9Et 39 221 m* 33*3* 99* e»£«*2i 3*01 »xiep. 

8 irawse waaw. a aai. uma^oi a^s « 2 21 m* saea atet* 

&£«i*2i aa^s uimaot oc otzmss ^n*^aoi °m in* smaa saafe a^oi 

5a aanof 7i^a a»mte sa 7^ s*:?ion* ?iaa « a^sPfc 3ia aamasas. 
8 wa^ae 8 waa as** aact. 

8 W92i ?^8 as* va- 
in* a»aa meia ^^ia msm?! 9(8 »ws : 

^713* »aaa anss ^ssfxi at vaon 2t* ?i8^an m 121 m* a*ta* «aa 

a S«W2(&a 1): 

^4s 7^21 aauoi saai^ sa n& »?i?i*«iai 39 121 m* nmm* maaaa a«a 

mHO* 2): 

^1 121 111* 2191571 »aa »i£«a^ai « 221 in* amaa »&a ^sE^iaa a^m&csa 3) 5 
*a ?ui&a. 

8 aaxtes ^18 ««J2i 2 e^msi s« a^s x« 121 m* a^aa maa*2i ^aioh£ai 

AIN*2t RHEEO *8* ^71 WttOfl aoiM 2S3HttO| 938 W 121 III* 3»aj* <H»lf2| tfA| 

ois/h AiN*si rheed *82f Ajsi asmap. ? wea uiae a si. 9^21 ^5 *n<* ± 
m asap 2/6IQ& 3ia asmaa. 

a^efAi. « 121 m* gs**:* «*«a*2i aa«2i ass a 121 m* 9*8*8 *± ^i&ai 

aauo* 71^8 stmt 8tt »«7iuoii>m 7^ae^fe ea 2a a/«aw waa ^ aaa 

8 992| *S 31 9*8 a ¥8 £88 *£*toi ^91 99 8 928 aA|0«£¥E4 9*mifi 5!0IP. 
OiarOlAl 8 9921 21^21 a^OB CJ|8tO| #A*8| 998P. 

718 

7i©2i «cfe w ?2i m* sm»7« 999*01 7ie6M*A» ^ 8 aae 8saxi atQ. on* 
aa. 7i8 ^ihoioi. *ia8. 8» aias. d« oig. aw a*. «i*» aa. ^» omn^. 

d» aa. m* S9B7I 99a 8£« 3* aei^a ** * 4» aa. 

01* HfiSOII^. ^90101 7IB0I W9*8i:il MWO\0\ 718(1120)21 a H8* A**6|fe 2!0| Q* 

*8*q. 



25-3 



25-3 



^2000-0071400 



j* ist m* asfs^n 999a 

m* ams* *aa sEfe mm sua* 909 9£*b mb*i ai^i«,w«(o s x *i. o*y*i. 
o^x«y^D£ ueiu«. oife ±91 ain. m* inNai as oisti 9392*. *9 ai^,-*. ai k Ihm*9 
o^m,^i. (2t *ra9o£x£i)9 as 38* 9989 satfq. m* a±b *b*hs a±<B>* a 

9<TI)S5 *t89 *£ 2iq. £B. a*(N)b 3<P). 9*<Aa). 2»EI5(Sb). U|£:¥S(8i) 

|2£ *89 4>£ 

*7is* aaaoi awifis 989*i ab «rttssM. 98 ±999(99. oc opusi ±9q«). 
8*5 9* ssa. «w 01911999. eoiaa sa9b ^weiaoi aq- oi«hb aaov 2199. 
I? ttMito I ? 98. 3«T3s. al £b aauot 7^1 9 121 m* aas* st&«si mm* 
i 9397 99 nwi 98SO. s*. * 121 hi* 9999 »a9s 93999s 99a *£ 

£ 18 X Otaijem ^EEjqaci S|8| 838 AIN«t9 ^*2l MOCVOtflOfl SIN AIN939 838 GaN8(2 

«»*i*(£>8 uqtfq. aasoi 2199. 38 □ « ainoi mocvo9(7IB 5£ = «» t)oi 21*1 333 

b 3*5 MM X-tf la 9999 UatfQ. 99321 3£b S9SI Jl*9 73**b M« 

m mm a«99 ausq. 
£ 121 49 £28 ctsa aa. 

71© : 990(9 a S 

^niEie 91 ei 7ie hb9 S£ : 430r 

±99 7|± : Ar (8 scc«)/Nj<10 seem) 

oc mm : o.swc bs*b* m 182 t*) 

9*9 : 9B9 99 £3 

£ 121 aas^ej 3*9*9. aa 71399 ±*\ *s 9999 as^aa **8f7iu 899 asa 

S 7fXIfe M«8 QaH«2| *J*71 100A9393 1000A93B 9 gOlSa. QbH«3 **17* 371© 99 

I *9Ub ataxias. m«si 99 *s Maoi 399 71*9 ?397i 99 ass* Atsa ♦ 

2!H* Gawasi ¥*7t 50A 013012 3OOOAO|8fO|0 30£0|8hS 3S8Q. 

aa uima a3aa(^s Mocvoa)oi sia« a3S ain oaNutmas 371 aoi ^hs «3a q «i 
sa sS*^*h Vsi 7»aa. 7^a 71^011 Bimas »«i 3av « 221 mm v*\mn »aa 

a "iaoi"s mm »m s« ram sq. ois« m 221 mm ava^ staa »£«im 
SiiSSuiiiisi Mrfwoi. 01 maoi aa» eaa 3»a ^ta a ♦ aq. aaa * 
o^xl asfc aa«« » 22i mm awa^i **• fissaw a 901 aae a-^soip. on 

9**8 m**2| ^H7t Oia 3*931 3& 8?l7t 2!7I 0801 H1TOO. 

^91 798 mmaa sa ssa 7ta«Ma. »st aaas aoi q ao» sn q 9£ 

fto"q. 3 93I.* 9 99 9999 99te 999 «2| atog 3990101 99 ¥9fc 98 
«9?(100A (J* 200A) e!OI 998q. 

a»^°s. aaa^ffe a2 s«v uxi io«v2i gs onuxia 7taq. mma 9. 9 121 in* a 
at!* aaaaoi ^mqaoi st«i aaa 9. as** sa cnqxt7f 7ic3o«* a^<sxia)2i 01 a 
01 «8£j7i a89 mocvow x mam* v#8 si«3 S£9M aoiyqia «ziga. 

^a¥e< oi«- as aaas 99(9 121 m9 ama^i staaa)* b^i ^«e» a^a maa aaa 

B* 7?B9fc 991 [ 9399 SiO|>|. 338 9 221 til* 9989 999 BS999 a93S 018 

S 99 9. £ mM ^9999 2} 81 33S 9 221 III* 8939 999 BE999 8S3S 9 12| 
B9 9999 99999 ^99 99999 P9 TUtfQaq. 3^21 998 Hia* ¥9 9971 »oi 
as9q. 

£1*9 1ft°£A| AIN01 AYIQ0I0I a B9 ^Eig2 9 2*££>M M90I M0CV0a9 2|«| 3333 
SAlgq 0|"a*fe 9 133 93E93 9 2a(m* a999 999 »£9)9 92E97I 918 a 
99 9«fc 7IB9 9*. 9S(MI* S939 993). 9tt(«7|3* 993a S9CS AI39XI a 
fc)9 B990I 33 * 2iq3 9^8q. 

£ 2fr AIN3 OC 0J3UIS8 ^9q«0H 2188 33971 9IB at93 S£9 M0CV0«C(I 2IB AIN3(2 m)S\ 
3S32I B?«a £A|pjq. £ 299. +999 M92I X-d s S ^IHSt BX|9(&>9 U9fc»q. 

laS AINOI M0CV0«(7IBS£ : ^00r)9 2|8| 939fe 999 999 a«H32| X-d ffia ?1S9 
9999 uqtiq. 0139 39S a33S ifc^2| 7ia9 799b M39 0199 388fq. 

s 221 *a 2E39S aq. 

7IB ' 99019 a B 
AIN* *m : 640A 
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7\± - Ar(8 scc«)/Nz(10 scca) 
OC A?* : 0.51(3^0* 182 at) 

£ 2£¥Q 3*2 UlSt i/0|. aeH 7|#0|/4 ±* H»m*2i assifip ?^!^U SttS? 233* 

o^ts ±meiaoi st<i AiN** aaepi 7ie s£7» 4<xrcsci wt a aoisa. 7ie 
S£2t aeoi **si »s«ioixj »*xje»£. 7ie» ssfc i2ooroiB»s asm* 2»oi «ta*ima. cm 
«ta*iei7ife. 71© S£fe ioooroi8 r * as««o» ©p. 7*» Ht*s»ei7ifc. 7i»2i SSEfc sooroiats 
aa«K*oi 7i©2i g£2i a©e ±mg ai^issi a* a** ss* 7i*s aasoioi ©q. 

£ 221 aar£¥S, xi 1** aisata xi 2*oh* gaiM »«* «>£*»* *5«i7i as* 
a«e 7isst xis. x*s(m* a**;* aw*). a«i(*7ig* »a»* sxim Afsm* &tfe)<« a 
^isiof 2* * 2!Q3 a*teo. 



xi 2si ni* aats* ©a* &.►£*«* 

XI 221 IR* 3*1* SHB* H?£«*S ±Xr21 7|*« **2| OflSAIfe »gaot££. 

aoias. aoixa cioiss. asrsxist as #4:Xr2K a**7i. ctoia^a. sBH^eisa as woi*e» 
^xm. FET21 as *u*a ±a2r. moiasnois ±xtfii as axt saeq. seck * *a 

8 oi* ±*2| ***<*£ a*** 2*q. 

aa St wsaa. pin sa p-naa* ?wt 25 S2S=^i 

2S 4^0, ?5fi 4«a * SCI. sr^S(Ouantu» well) ?5(2* SEfc *E1 *&*S 

*ai A,*a * 2»a. 

a?ie» x* 1st in* aas:* ****oiai ai*s a* *tS7i * 221 m* *fi»*j| a«*SE 
*** m**m fie as* **a * 22a. * 221 m* B »*a »«* 

5**3. «-* *£»*/■! Si. Ge. St. Te. C *3r. p-8 *£*£* Mo. Zn. Be. Cm. Sr. Ba ** 5« 

* ♦ 2!Q- 

q* aaa* S7i firnm. e«N* gst w^oixi o*s « 121 nm wmx »»*•» 
a*8rb a 221 in* gam* »«* ^sxa** aj*©q. 

mm. xi 22t m* asrs* ©o* «?£«** s^bpi waoi **ei es^oixi staxjas. 01 
all *s ft 7ig^ »«fM«(*xvo«) 9Et omoiaacwEtt). *£2im** m oiomatt 
(HvpEti). oiimatt *3i ?s a^ist »w°£ *a* ^se 21 a. 
xi 121 m* B»*7i »»**s jm 221 in* am*7i aa* ajs«*oi Mocvoaoi 2181 s^i m a 
dm& 7ie aaeiea. 

+± EEfc 84:21 Btt 7ri ifc 8 4:21 5«7»4:fc MXV0«O| 8A|* Q 5|aO| 7|^£>M Ar*S 

Ba«ta. m 121 m* a^STi «a**s tf^ie a<w aaass^ ^ £fe a^ s« 

»rfc Stt 7r4i2r 8±XIS7r±(B2L|0r. BIH^S *) *9I7|0|A« ««eiBQ. 01 3*08 21014. £71 

*2i a* a s£b iooor uxi i25or2i «*£ aa«rs 2F£mu. 
oimoHAi s aaa a^oi* aa&q. 

8AI0|fc \tfa Q01££(10. a«4:W0|«. 3 ?£* £301 £Aimaa. 

2i*2i 9ai^ Qsar aa- 

rs tj 



* 


as 


£B = 




«as^ is 








p-a *zi£* ib 


p-GaN 


Mo 


(0.3 #■) 


as* 17 








&*ta* 


InoisBaoWl 




(35 A) 


maoi* 


QaN 




(35 A) 


axra* a maoi* 

21 + 


1 10 






n-a *?•!£* IB 


n-OnN 


SI 


(4 »0 


mm* is 


AIN 




(640 A) 


7IS 11 


4SI0IOIU 2) 




(300 m) 



n-a *ei£*(1B)8 »IS*(17)a2| WET* fe£ n-*3r U|I9*(15)*2| fe£ «**2I 2* 
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it + ©Q. 

©*s(u>8 «x» ©s©fe ae oiuci. as £fe qi ?ai. as aw soi a 

3*21 A*#8 * 2iQ- 

»S£ as ^jioi omua* £H8 m* aaa* a©s ©£*sa ©as(mai p- 

9 *2JIS*(18) H0\<* WiMV + 2!Q. 0|©8 71*8 tf«*(l7)US ft*** ax»7> p-8 lEMS 
*(18)US 28 ©*©£* AI88Q- £©. P-* «2IH#{ia) XW8 Mg0| £98 p-AIG^S 

S Sa*101£ 9Q. 

p-s *as*os)s si»ao7)*© xi s(hoi«) *£© p-*» a**asi a a *£2i p*i£5 a 2 
a ?S5 a *£ ©a 

a7i© ?sf ?ts a»s aoissfe aaa aioi xis©a. 

^n»oioi ?ies oc ommsc ±©« ai^s© ©ssuoi *a u*«a<i5)a as© 5325 a 
aaa. 

7|» : A|©0|0| a 3 

7|©8£ : 430TC 

AIN8© ¥>N : 840A 

±QIZ{ 7\± : Ar(8 scca)/Nt (10 «cc«) 

OC 0191 : 0.51(3*©* af 182orf) 

osoi. 7ies nocvo/i^ams oia*:a. «-a aasaoe)* a «st *s<* ©«• ?«a xi 221 
m* a*!* aas ©£**e *aoi 7i±sai *± 7i±s 7i«:a as* ©©<* 21* saaa. 

u^as aaaa ux. p-« aasaos)*. ©aso7. aas)a «-a sasa<ie)s ©sa oia 
n -a a* *s<2ns aamt n-a aa£*06)oi ugyq. 

©£« seoi ss aw±sa aaa:* £s© ss axi^st p-a aa£ao8)s i*sai* a* 
9 *t&*an 2i«« p-a aassoaja© a^aa *«s **©q. au/co a** a^scwa s*s*i 
01 ©* in#a P-a aassoex* aasa. 

p-a a* *£(2o>© a-s a* *s(2i)fe a7i© ©a* sa© ©©as s**toi ««q. 

a as© a7i aaa ©a ±«a <*a aoi asa*2sxi©£. a ©aa <*epixi s*© ©£«t ±xi 

<m *sa * ©£01 ©£* ±»© azt«£i ****«£ 33a * 210. 

a aas s ass ?©api a© *h<x& d©oi ©safe aoi oiuoi. 5 ©a© >4^a *oiyoi 

3101 a ?ia aora ^aa «*o« 2i«i aaia + at oia^w aas aasQ. 

oisioii>M a«2i Aivi aa©a. 

(1) gatax aaa ©sai ^«fc: 4ooroi^2i s£om ^a^aoi aai Aiaoioi ?i©^qi as 
a aim&X AmSS ?ieoi 7»sioi sit sera Mocvoaoi 2161 utmaon a^aa a* a*taa 
aaa ©s«as ?ui©q. 

(2) muse mqoioi 7i©si « ©£*<» aaa ^1 (i) ±x»oiq. 

o) >a £b aii© 3i£io« atois mmsJt a^mo* a^ amax aaa ©£«*oi aaa 

q uocvoaaiJM ^71(1) £b (2)?|X|2| £*0|Q. 

(4) ^S«fc: 1\&J*: 50A U|X| 3000 A21 ^X|0« ft?l 3^ 0CSS 8^53 A^SmXl Slfe a 

aoi aV^ie^S aaa « ia iu«f a jus* aaaaa; * \x aaa* aasa^on aaa 
* 2a a* a«ax aaa ©saiss 

(5) 7|©8 At*0|0|g (4) 71X121 a|S«0|Q. 

(6) jm i2i um a a 87i aassa ahuokh 7i©2i > ad aae (S) 71x121 aisaioici. 

(7) H7i 3^ aass ©mas Atam* ©t aaa - ©a ^meias aa«ifc ^m^a: a^a: 
ois £3©; aioi« oisaioiaa: ecr© sohai a«uate (4) u« (8) 321 oii= atuoi 7ine *a* 

OIQ. 

(8) xi 121 111* aaa:* aaaae Ai^o^x^Dsfi (4) um (7) 921 oii= 8»uoi 71 

XI8 aiSAIOIQ. 

o) xi 121 ui* ^mmx aaasa aimss ?aa (4) uxi (7) a© oit muoi 7ina ^a«oia. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 ] The present invention relates to a group III nitride compound semiconductor device and a method of produc- 
ing the same. 

[0002] The present application is based on Japanese Patent Applications No. Hei. 11-130475 and 11-266499, 
which are incorporated herein by reference. 

2. Description of the Related Art 

[0003] A group III nitride compound semiconductor device such as a blue light-emitting device, or the like, was pro- 
duced by the steps of: growing a buffer layer of A^Ga^xN (0^X^1) on a sapphire substrate by a metal organic chemical 
vapor deposition method (abbreviated as "MOCVD method" in this specification); and further growing a group III nitride 
compound semiconductor layer on the buffer layer by the same MOCVD method. 

[0004] In the MOCVD method, an ammonia gas and gases of group III metal alkyl compounds such as trimethyla- 
luminum (TMA), trimethylgallium (TMG) and trimethylindium (TMI) are supplied onto a substrate heated to an appropri- 
ate temperature and are thermally decomposed so that a film of a desired crystal is formed on the substrate. On this 
occasion, metal organic compounds such as TMA, and so on, which serve as raw-material gases for forming the buffer 
layer, are expensive. This was a factor of increasing the cost of the group III nitride compound semiconductor device. 
[0005] If the buffer layer of AlxGavxN (0^X^1 ) is formed by a method other than the MOCVD method, the use of 
metal organic compounds such as TMA, TMG, and so on, can be avoided. For example, Japanese Patent Publication 
No. Hei. 5-86646 has proposed a method in which a buffer layer is formed by a high-frequency sputtering method; 
group III metal organic compounds are supplied to the buffer layer after the buffer layer is heated (to a temperature of 
from 800°C to 1000°C) in an atmosphere containing an ammonia gas (ammonia and nitrogen in an embodiment); and 
then the group III metal organic compounds are decomposed on a heated substrate so that a nitride film thereof is 
vapor-grown and AlxGa^x^ (0^X*1) of the same composition is grown on the buffer layer. Raw materials used for 
forming the buffer layer of AlxGa^xN (0^X^1) by the high-frequency sputtering method are high-purity metallic alumi- 
num and metallic gallium. A mixture gas of argon and nitrogen with these metals as targets is used as a sputter gas. In 
this case, all the raw materials are inexpensive. Hence, the cost of the device can be reduced compared with the case 
where expensive metal organic compounds are used as raw materials for forming the buffer layer by the MOCVD 
method. 

[0006] Although the inventors of the present invention tried the method disclosed in Japanese Patent Publication 
No. Hei. 5-86646, the crystallinity of the group III nitride compound semiconductor layer which is formed by the MOCVD 
method so as to be grown on the buffer layer of AlxGa-,. x N (0^X^1) formed by the high-frequency sputtering method 
did not satisfy the inventors' requirements. That is, the crystallinity of tne group III nitride compound semiconductor layer 
obtained in the aforementioned manner was inferior to the crystallinity of the group III nitride compound semiconductor 
layer which is formed by the MOCVD method so as to be grown on the buffer layer of AlxGa^xN (0^X^1) formed by 
the MOCVD method. 

SUMMARY OF THE INVENTION 

[0007] The inventors of the present application have made one examination after another earnestly to improve the 
crystallinity of the group III nitride compound semiconductor layer. As a result, the inventors have conceived the prevent 
invention of the present application. 

[0008] That is, there is provided a group til nitride compound semiconductor device comprising: a substrate; a first 
group III nitride compound layer which has a thickness of from 50A to 3000A and which is formed on the substrate by 
a method not using metal organic compounds as raw materials; and a second group III nitride compound semiconduc- 
tor layer which is formed on the first group III nitride compound layer. 

[0009] According to the group III nitride compound semiconductor device configured as described above, the crys- 
tallinity of the second group Hi nitride compound semiconductor layer formed on the first group III nitride compound 
layer and having a function as the device is improved by an attempt to optimize the thickness of the first group III nitride 
compound layer which will be a buffer layer. 

[001 0] Incidentally, the thickness of the first group III nitride compound layer is preferably set to be in a range of from 
50A to 3000A. If the layer is thinner than 50A, the layer cannot fulfill the function as a buffer layer. According to the inven- 
tors' examination, there is a risk of the cracking in the first group III nitride compound layer or the second group III nitride 
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compound semiconductor layer formed on the first group III nitride compound layer if each layer is thicker than 3000A. 
That is, either the layer thinner than 50A or the layer thicker than 3000A is undesirable. 

[0011] On the other hand, Japanese Patent Publication No. Hei. 5-86646 has disclosed the use of a buffer layer 
having a thickness of from 1000A to 7000A. The fact that the upper limit of the film thickness range is set to be 3000A 
s is, however, a novel knowledge which is just acquired now by the inventors and by which the buffer layer or the second 
group III nitride compound semiconductor layer is prevented from cracking. 

[0012] The inventors have further made one examination after another earnestly. As a result, they have found that 
the crystallinity of the second group III nitride compound semiconductor layer formed on the buffer layer is improved 
when the buffer layer is heated in an atmosphere of a mixture gas containing a hydrogen gas and an ammonia gas in 
10 the case where the buffer layer is formed of a group III nitride compound by a DC magnetron sputtering method Hence, 
the inventors have conceived the invention. 
[001 3] The configuration of this invention is as follows. 

[0014] There is provided a method of producing a group III nitride compound semiconductor device, comprising the 
steps of: 

15 

forming a first group III nitride compound semiconductor layer on a substrate by a method not using metal organic 
compounds as raw materials (step 1); 

heating the first group III nitride compound layer in an atmosphere of a mixture gas containing a hydrogen gas and 
an ammonia gas (step 2); and 

20 forming a second group III nitride compound semiconductor layer on the first group III nitride compound semicon- 
ductor layer (step 3). 

[0015] The configuration of this invention is as follows. 

[0016] The inventors have photographed an RHEED pattern of an AIN layer as an example of the first group III 
25 nitride compound layer formed by the steps up to the step 2 in the aforementioned manner and an RHEED pattern of 
an AIN layer as an example of the first group III nitride compound layer formed without the step 2 in the aforementioned 
producing method. As a result of comparison between the two patterns, it has been found that the spot intensity of the 
former is greater than the spot intensity of the latter. 

[0017] Accordingly, improvement in crystallinity of the first group III nitride compound layer can be confirmed by 
30 execution of the step 2 in which the first group 111 nitride compound layer is heated in an atmosphere of a mixture gas 
containing a hydrogen gas and an ammonia gas. 

[0018] Features and advantages of the invention will be evident from the following detailed description of the pre- 
ferred embodiments described in conjunction with the attached drawings. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

[001 9] In the accompanying drawings: 

Fig. 1 is a graph showing the relation between the thickness of an AIN film and the crystallinity of a GaN layer; 
40 Fig. 2 is a graph showing the relation between the temperature for growth of AIN and the crystallinity of a GaN layer; 
Fig. 3 shows a light-emitting diode as an embodiment of this invention; 

Fig. 4 shows a rocking curve of a GaN layer which is formed by an MOCVD method so as to be grown on an AIN 
buffer layer (sample a in Table 2 formed by a DC magnetron sputtering method; 

Fig. 5 shows a rocking curve of a GaN layer which is formed by an MOCVD method so as to be grown on an AIN 
45 buffer layer (sample b in Table 2 formed by a DC magnetron sputtering method; 

Fig. 6 shows a rocking curve of a GaN layer which is formed by an MOCVD method so as to be grown on an AIN 

buffer layer (sample £ in Table 2 formed by a DC magnetron sputtering method; 

Figs. 7A to 7E show photographs of RHEED patterns of samples in Table 2; and 

Fig. 8 shows a photomicrograph of the sample a in Table 2; 
so Fig. 9 shows a photomicrograph of the sample b in Table 2; 

Fig. 10 shows a photomicrograph of the sample c in Table 2; and 

Fig. 1 1 shows a photomicrograph of the sample p! in Table 2. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

55 

[0020] Respective elements of the present invention will be described below in detail. 
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Substrate 

[0021] The material of a substrate is not limited specifically if a first group III nitride compound layer can be grown 
on the substrate. For example, sapphire, silicon, silicon carbide, zinc oxide, gallium phosphide, gallium arsenide, mag- 
5 nesium oxide, manganese oxide, group III nitride compound semiconductor single crystal, and so on, can be enumer- 
ated as substrate materials. 

[0022] Of those materials, it is preferable to use a sapphire substrate and it is further preferable to use the face a of 
a sapphire substrate, (1 120). 

io First Group 111 nitride compound Layer 

[0023] A group III nitride compound or a group III nitride compound semiconductor is expressed by the general for- 
mula AlxGayln^x-YN (O^X^I, 0^Y^1, 0^X+Y^1), which includes so-called binary compounds such as AIN, GaN and 
InN, and so-called ternary compounds such as AlxGa^xN, AlxIn^xN and GaxIn-i.xN, (0^X^1 in each formula). The 
15 group III elements may be partially replaced by boron (B), thallium (Tl), etc. Further, the nitrogen (N) may be partially 
replaced by phosphorus (P), arsenic (As), antimony (Sb), bismuth (Bi), etc. 

[0024] As methods in which metal organic compounds are not used as raw materials, there are a sputtering method 
inclusive of a reactive sputtering method (especially, a DC magnetron sputtering method), an evaporation method, an 
ion plating method, a laser ablation method, and an ECR method. According to such methods, metallic aluminum, 
20 metallic gallium, metallic indium, and a nitrogen or ammonia gas are used as raw materials for forming a buffer layer of 
a first group III nitride compound. Alternatively, the first group III nitride compound may be used as a target in itself. In 
either case, these raw materials are inexpensive compared with organic aluminum. 

[0025] Fig. 1 shows the relation between the thickness of an AIN film formed by a DC magnetron sputtering method 
and the crystallinity of a GaN layer (2^m) formed on the AIN film by an MOCVD method. In the graph, the vertical axis 
25 expresses the half-value width (sec) of an X-ray rocking curve of the GaN layer. In the graph, the symbol n expresses 
the half-value width of the X-ray rocking curve of the GaN layer in the case where AIN is formed by an MOCVD method 
(substrate temperature: 400°C). It may safely be the that the obtained grade of crystallinity is sufficient for the GaN layer 
to constitute the function as the device. 

[0026] Incidentally, measurement conditions in Fig. 1 are as follows. 

30 

Substrate: sapphire face a 

Temperature of substrate surface for sputtering: 430°C 
Sputter gas: Ar (8 sccm)/N 2 (10 seem) 
DC power: 0.5W (in an electrode area of about 182 cm 2 ) 
35 Film thickness: adjusted by sputtering time 

[0027] It is apparent from the result of Fig. 1 that a GaN layer having a crystallinity equivalent to or more excellent 
than the crystallinity of a so-called low-temperature buffer layer in the background art is obtained when the thickness of 
the GaN layer is not smaller than 100A but smaller than 1000A. Even in the case where the thickness of the GaN layer 
40 is out of the aforementioned range, the half-value width of the GaN layer is set to be not larger than 30 sec if the thick- 
ness of the GaN layer is not smaller than 50A but not larger than 3000A so that the GaN layer can be used as a layer 
for constituting the function as the device. 

[0028] An AIN or GaN buffer layer formed by a general-purpose buffer layer formation method (low-temperature 
MOCVD method) has an amorphous or near-amorphous structure when the layer is formed as a film. In a heating-up 

45 period in which the buffer layer is heated to the temperature for growth of a second group III nitride compound semicon- 
ductor layer to be grown next, AIN or GaN in the buffer layer is recrystallized and becomes polycrystalline just before 
the second group III nitride compound semiconductor layer is formed as a film. This brings optimum crystal grain size 
and density for the second group III nitride compound semiconductor layer, so that good single crystal growth can be 
made. The crystal grain size and density are parameters which are important to the high-quality growth of the second 

so group III nitride compound semiconductor. These parameters are relatively sensitive because the thickness of the buffer 
layer correlates with these parameters. 

[0029] It can be thought that, when a so-called low-temperature buffer layer is heated at the same temperature, it 
tends that the crystallinity of the layer becomes better as the layer becomes thinner. Assuming samples different in 
thickness, the temperature required for obtaining the same crystallinity becomes higher as the sample becomes thicker. 
55 As a result, the thickness of the so-called low-temperature buffer layer should be set at particular optimum value and 
the thickness is only allowed to be in a narrow range (from 100A to 200A). 

[0030] Generally, sputter- emitted particles have kinetic energy of from 5eV to 10eV on average. It can be thought 
that, when a buffer layer, that is, a first group III nitride compound layer is formed by the sputtering method, crystalliza- 
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tion occurs even at a lower film-forming temperature compared with the MOCVD method because the kinetic energy 
promotes migration of particles (atoms) on a substrate 

[0031] In comparison between the case where a sample (first group III nitride compound layer) initially crystallized 
to a certain degree is merely heated and the case where an amorphous sample is merely heated, which of the two sam- 

5 pies is better in the crystallinity of a second group III nitride compound semiconductor layer formed thereon cannot be 
the without reservation. It is, however, apparent from the result of the half -value width of the X-ray rocking curve shown 
in Fig. 1 that the crystallinity of the second group HI nitride compound semiconductor layer formed on the former sam- 
ple, that is, on the first group III nitride compound layer formed by the sputtering method in Fig. 1 is improved more 
greatly by optimization of the thickness of the first group III nitride compound layer. The former sample is also better in 

10 a relatively wide thickness range. 

[0032] Fig. 1 shows a result in the case where AIN as a first layer is sputtered onto a sapphire face a and then a 
GaN layer as a second layer is formed thereon by the MOCVD method. It can be thought that this result can be obtained 
regardless of the material for the substrate, the material (group III nitride compound) and method (not using metal 
organic compounds as raw materials) for producing the first layer and the material and method for producing the second 

15 layer (group III nitride compound semiconductor). 

[0033] Fig. 2 shows the relation between the film-forming temperature for forming an AIN layer by a DC magnetron 
sputtering method and the crystallinity of a GaN layer (2^m) formed on the AIN layer by an MOCVD method. In Fig. 2, 
the vertical axis expresses the half-value width (sec) of an X-ray rocking curve of the GaN layer. In the graph, the broken 
line expresses the half-value width of the X-ray rocking curve of a GaN layer in the case where AIN is formed by an 

20 MOCVD method (substrate temperature: 400°C). It may safely be the that the obtained grade of crystallinity is sufficient 
for the GaN layer to constitute the function as the device. 
[0034] Incidentally, measurement conditions in Fig. 2 are as follows. 

Substrate: sapphire face a 
25 AIN layer thickness: 640A 

Sputter gas: Ar (8 sccm)/N 2 (10 seem) 

DC power: 0.5W (in an electrode area of about 182 cm 2 ) 

[0035] It is apparent from the result of Fig. 2 that a GaN layer having a crystallinity equivalent to or more excellent 
30 than the crystallinity of a so-called low-temperature buffer layer in the background art is obtained when the substrate 
temperature for forming an AIN layer by a sputtering method is not lower than 400°C. Although the upper limit of the 
substrate temperature is not restricted specially, the substrate temperature is preferably set to be not higher than 
1200°C. More preferably, the substrate temperature is set to be not higher than 1000°C. Further preferably, the sub- 
strate temperature is set to be not higher than 800°C. The upper limit of the substrate temperature is determined exclu- 
35 sively on the basis of the rated range of use of a sputtering system. 

[0036] It can be thought that the result of Fig. 2 can be obtained regardless of the material for the substrate, the 
material (group III nitride compound) and method (not using metal organic compounds as raw materials) for producing 
the first layer and the material and method for producing the second layer (group III nitride compound semiconductor). 

40 Second Group III nitride compound Semiconductor Layer 

[0037] A second group III nitride compound semiconductor layer constitutes the function as a device. Examples of 
the device include optical devices such as a light-emitting diode, a photodetector, a laser diode, a solar cell, etc., bipolar 
devices such as a rectifier, a thyristor, a transistor, etc., unipolar devices such as an FET, etc., and electronic devices 
45 such as a microwave device, etc. Further, the present invention may be applied also to laminates which are intermedi- 
ates of these devices. 

[0038] Incidentally, a homostructure or a single or double heterostructure with MIS junction, PIN junction or p-n 
junction can be used as the structure of the light-emitting device. A quantum well structure (single or multiple quantum 
well structure) maybe employed as a light-emitting layer. 
so [0039] The same material as that used in the first group III nitride compound layer described above can be used as 
a material for forming the second group III nitride compound semiconductor layer. The second group 111 nitride com- 
pound semiconductor layer may contain a dopant at option. Si, Ge, Se, Te, C, etc. may be used as n-type impurities. 
Mg, Zn, Be, Ca, Sr, Ba, etc. may be used as p-type impurities. 

[0040] To obtain a more excellent crystallinity, a layer of GaN or Al x Ga-|.xN (0^X^1) is preferably employed as the 
55 second group III nitride compound semiconductor layer which touches the first group III nitride compound layer. 

[0041] Although the method for forming the second group III nitride compound semiconductor layer is not limited 
specially, this layer may be formed by a metal organic chemical vapor deposition method (MOCVD method) or by a 
known method such as a molecular beam epitaxy method (MBE method), a halide vapor phase epitaxy method (HVPE 
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method), a liquid phase epitaxy method, or the like. 

[0042] The first group III nitride compound layer is heated with rising of the substrate temperature when the second 
group III nitride compound semiconductor layer is formed by the MOCVD method. 

[0043] A single gas of hydrogen or nitrogen or a mixture gas of hydrogen and nitrogen is preferably used as a car- 
rier gas when the MOCVD method is executed. 

[0044] In other words, the first group HI nitride compound layer is preferably heated in an atmosphere of a mixture 
gas containing a hydrogen or nitrogen gas and nitrogen source gases (ammonia, hydrazine, etc.) so as to be recrystal- 
lized as described above. On this occasion, the temperature at which this layer is heated is preferably set to be in a 
range of from 1000°C to 1250°C. 

[0045] An embodiment of this invention will be described below. 

[0046] The embodiment is a light- emitting diode (light-emitting device) 10, the configuration of which is shown in 
Fig. 3. 

[0047] Specifications of respective layers are as follows. 



Table 1 



Layer 


Component 


Dopant 


(Thickness) 


Light-transparency electrode 19 








p-type clad layer 18 


p-GaN 


Mg 


(0.3^im) 


Light-emitting layer 17 
Quantum well layer 
Barrier layer 

Number of repeated quantum well and barrier layers 


Superlattice structure 
l"o i5Gao s5N 
QaN 
1 to 10 




(35A) 
(35A) 


n-type clad layer 1 6 


n-GaN 


Si 


(4um) 


Buffer layer 15 


AIN 




(640A) 


Substrate 1 1 


Sapphire (face a) 




(300^m) 



[0048] The n-type clad layer 1 6 may be of a double-layered structure with an n" layer of a low electron density on 
the light-emitting layer 17 side and an n + layer of a high electron density on the buffer layer 15 side. 
[0049] The light- emitting layer 17 is not limited to the superlattice structure. A single or double heterostructure, a 
homo-junction structure, or the like, may be used as the structure of the light-emitting layer. 

[0050] A group III nitride compound semiconductor layer, which has a wide band gap and which is doped with an 

acceptor such as magnesium, or the like, may be interposed between the light-emitting layer 17 and the p-type clad 

layer 18. This technique is used for preventing electrons flowed into the light-emitting layer 1 7 from being diffused into 

the p-type clad layer 18. Further, the p-type clad layer 18 itself may be formed of p-AIGaN doped with Mg. 

[0051] The p-type clad layer 18 may be of a double-layered structure with a p" layer of a low hole density on the 

light-emitting layer 1 7 side and a p + layer of a high hole density on the electrode side. 

[0052] The light-emitting diode configured as described above is produced as follows. 

[0053] First, a sapphire substrate is set in a reactor of a DC magnetron sputtering system and a buffer layer 15 is 
formed in the following conditions. 

Substrate: sapphire face a 

Substrate temperature: 430°C 

Thickness of AIN layer: 640 A 

Sputter gas: Ar (8 sccm)/N 2 (10 seem) 

DC power: 0.5W (in an electrode area of about 182 cm 2 ) 

[0054] Then, the substrate is transfer ed into an MOCVD system, in which a second group III nitride compound sem- 
iconductor layer constituted by an n-type clad layer 16 and layers thereon is formed by a general-purpose method with 
a hydrogen gas as a carrier gas. 

[0055] Then, after a mask is formed, the p-type clad layer 18, the light- emitting layer (active layer) 1 7 and the n-type 
clad layer 16 are partially removed by reactive ion etching so that a part of the n-type clad layer 16 in which an n-type 
electrode pad 21 is to be formed is revealed. 
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[0056] After a photo resist is applied onto the semiconductor surface uniformly, the photo resist is removed from an 
electrode-forming portion on the p-type clad layer 18 by photolithography so that this portion of the p-type clad layer 18 
is exposed. An Au/Co light-transparency electrode layer 19 is formed on the exposed p-type clad layer 18 by a vapor 
deposition apparatus. 

5 [0057] Then, a p-type electrode pad 20 and an n-type electrode pad 21 are formed by vapor deposition in the same 
manner as described above. 

[0058] Although the above description in this specification has been made upon the case where a light-emitting 
device is taken as an example, this invention may be applied to various kinds of semiconductor devices and also to lam- 
inates which are intermediates of the semiconductor devices. 
10 [0059] This invention is not limited to the descriptions of the mode for carrying out the invention and embodiments 
thereof at all, and includes various modifications that can be conceived by those skilled in the art without departing from 
the scope of claim for a patent. 
[0060] The following items will be disclosed below. 

is (1) A group III nitride compound semiconductor device, comprising: a buffer layer of AIN formed by a sputtering 
method on a sapphire substrate at a temperature not lower than 400°C; and a group III nitride compound semicon- 
ductor layer formed by an MOCVD method on the buffer layer while heating the sapphire substrate. 

(2) A device stated in the item (1), wherein the buffer layer is formed on a face a of the sapphire substrate. 

(3) A device stated in the item (1) or (2), wherein a carrier gas of hydrogen or nitrogen is used in the MOCVD 
20 method when the group III nitride compound semiconductor layer at least in contact with the buffer layer is formed. 

(4) A laminate comprising: a substrate; a first group III nitride compound layer which has a thickness of from 50 A 
to 3000A and which is formed on the substrate by a method not using metal organic compounds as raw materials; 
and a second group III nitride compound semiconductor layer which is formed on the first group III nitride com- 
pound layer. 

25 (5) A laminate stated in the item (4), wherein the substrate is made of sapphire. 

(6) A laminate stated in the item (5), wherein the first group III nitride compound layer is formed on a face a of the 
sapphire substrate. 

(7) A laminate stated in any one of the items (4) to (6), wherein the method not using metal organic compounds as 
raw materials is selected from the group consisting of: a sputtering method inclusive of a reactive sputtering 

30 method; an evaporation method; an ion plating method; a laser ablation method; and an ECR method. 

(8) A laminate stated in any one of the items (4) to (7), wherein the first group III nitride compound layer is made of 
Al x Q ai . x N (0sX=1). 

(9) A laminate stated in any one of the items (4) to (7), wherein the first group III nitride compound layer is made of 
AIN. 

35 (10) A laminate stated in any one of the items (4) to (9), wherein the thickness of the first group III nitride compound 
layer is not smaller than 1 00A but smaller than 1 0O0A. 

(1 1 ) A laminate stated in any one of the items (4) to (1 1 ), wherein the first group III nitride compound layer is formed 
on the substrate heated to a temperature not lower than 400°C. 

(12) A laminate stated in any one of the items (4) to (11), wherein thefirst group III nitride compound layer is heated 
40 at a temperature of from 1000°C to 1250°C, in an atmosphere of a mixture gas containing a hydrogen gas and an 

ammonia gas. 

(13) A laminate stated in anyone of the items (4) to (12), wherein the second group III nitride compound semicon- 
ductor layer is formed by an MOCVD method. 

(14) A laminate comprising: a sapphire substrate; a first group 111 nitride compound layer which has a thickness of 
45 from 50 A to 3000 A and which is formed on the sapphire substrate by a sputtering method; and a second group IN 

nitride compound semiconductor layer which is formed on the first group III nitride compound layer by an MOCVD 
method while the sapphire substrate is kept at a temperature of from 1000°C to 1250°C. 

(15) A laminate stated in the item (14), wherein the first group III nitride compound layer is made of AIN. 

(16) A laminate stated in the item (14) or (15), wherein the thickness of the first group III nitride compound layer is 
so not smaller than 100A but smaller than 1000A. 

(17) A laminate stated in any one of the items (14) to (16), wherein a carrier gas of hydrogen or nitrogen is used in 
the MOCVD method for forming the second group III nitride compound semiconductor. 

(18) A method of producing a laminate comprising the steps of: forming a buffer layer of AIN by a sputtering method 
on a sapphire substrate at a temperature not lower than 400°C; and forming a group III nitride compound semicon- 

55 ductor layer by an MOCVD method on the buffer layer while heating the sapphire substrate. 

(19) A producing method stated in the item (18), wherein the buffer layer is formed on a face a of the sapphire sub- 
strate. 

(20) A producing method stated in the item (18) or (19), wherein a carrier gas of hydrogen or nitrogen is used in the 
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MOCVD method when the group III nitride compound semiconductor layer at least in contact with the buffer layer 
is formed. 

[0061] Another embodiment of the producing method according to the present invention will be described below in 
5 detail. 

Step 1 

[0062] In step 1 , a first group III nitride compound layer is formed on a substrate by any method other than the 
10 method using metal organic compounds as raw materials 

[0063] The concept the first group III nitride compound includes quaternary compounds represented by AlxGayln^ 
X -y n (0<X<1, 0<Y<1, 0<X+Y<1), ternary compounds represented by AlxGa^N, Alxln-^N, GaxIn^N, (0<X<1), and 
binary compounds represented by AIN, GaN and InN. 

[0064] Although the thickness of the first group III nitride compound layer is not limited specially, the thickness is 
is preferably set to be in a range of from 100A to 3000A in the same manner as in the background-art buffer layer formed 
by the MOCVD method. More preferably, the thickness is set to be in a range of from 100A to 2000A. Further preferably, 
the thickness is set to be in a range of from 100A to 300A. 

[0065] A buffer layer of AIN was formed from high-purity metallic aluminum and a nitrogen gas as raw materials on 
a sapphire substrate by use of a DC magnetron sputtering system for executing a reactive sputtering method in the fol- 
20 lowing conditions. 



Table 2 





AIN film thickness 




150 A 


600A 


2000A 


Film-forming temperature: 430°C 


a 


b 


C 


Film-forming temperature: room temperature 


d 


/ 


/ 



30 

Step 2 

[0066] In step 2, the first group III nitride compound layer formed by the sputtering method as described above is 
heated in an atmosphere of a mixture gas containing a hydrogen or nitrogen gas and an ammonia gas. Hence, the crys- 

35 tallinity of the first group III nitride compound layer is improved. 

[0067] Respective RHEED patterns of the AIN layers (not heated) in samples a and d in Table 1 and the AIN layer 
in the sample a after heated at 1000°C (5 minutes) in an atmosphere of a 1:0.3 mixture of a hydrogen gas and an 
ammonia gas were photographed as examples of the group III nitride compound semiconductor layer. Fig. 7A shows a 
photograph of an RHEED pattern of sample d in Table 2. Fig. 7B and 7C show photographs of RHEED patterns of sam- 

40 pie a in Table 2 which are different in the photographing angle with each other. Fig. 7D and 7E show photographs of 
RHEED patterns of the AIN layer in the sample a after heated at 1000°C (5 minutes) in an atmosphere of a 1 :0.3 mixture 
of a hydrogen gas and an ammonia gas. which are different in the photographing angle with each other. 
[0068] In the sample d obtained by growing the AIN layer at a room temperature, it was found that AIN was amor- 
phous because there was observed no spot in the AIN layer (Fig. 7A). 

45 [0069] In comparison between the RHEED pattern of the AIN layer of the sample a grown at 430°C and further 
heated in an atmosphere of a mixture gas containing a hydrogen gas and an ammonia gas (Figs. 7D and 7E) and the 
RHEED pattern of the AIN layer of the sample a obtained without such heating (Figs. 7B and 7C), it could be confirmed 
that the crystallinity of the AIN layer was improved when the AIN layer was heated in an atmosphere of a mixture gas 
containing a hydrogen gas and an ammonia gas. 

so [0070] The mixture ratio of the hydrogen gas or the nitrogen gas to the ammonia gas is preferably set to be in a 
range of from 1 :1 to 1 :0. 1 in terms of flow rate ratio. More preferably, the mixture ratio of the hydrogen gas to the ammo- 
nia gas is set to be in a range of from 1 :0.5 to 1:0.1. Further preferably, the mixture ratio of the hydrogen gas or the nitro- 
gen gas or the nitrogen gas to the ammonia gas is set to be 1 :0.3. 

[0071] The heating condition is preferably set to be in a range of from 1000°C to 1250°C. More preferably, it is set 
55 to be in a range of from 1 050°C to 1200°C. Further preferably, it is set to be in a range of from 1 1 00°C to 1 1 50°C. 
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Step 3 

[0072] In step 3. a second group III nitride compound semiconductor layer is formed on the first group III nitride 
compound layer. 

[0073] The second group III nitride compound semiconductor is represented by the general formula AlxGaylnvx- 
Y N (0sX=1 , OS Y^1, 0=X+Y=1), which may contain other group III elements such as boron (B) and thallium (Tl) and in 
which the nitrogen (N) may be partially replaced by phosphorus (P) p arsenic (As), antimony (Sb) or bismuth (Bi). The 
group III nitride compound semiconductor may contain a dopant at option. 

[0074] The method for forming the group III nitride compound semiconductor layer is not limited specifically. For 
example, the group III nitride compound semiconductor layer is formed by a known MOCVD method. Alternatively, the 
group III nitride compound semiconductor layer may be formed also by a known MBE method, a HVPE method, or the 

like. 

[0075] When the MOCVD method is used for growing the group III nitride compound semiconductor layer, it is pref- 
erable from the point of view of reduction in number of producing steps that a sample is set in a susceptor of an MOCVD 
apparatus and subjected to the step 2 in a reactor of the MOCVD apparatus. In this case, the upper limit of the temper- 
ature for heating is determined on the basis of the performance of the reactor. In a general-purpose MOCVD apparatus, 
the upper limit of the reaction temperature is 1250°C. This is because quartz is used as a constituent member. If quartz 
is not used, heating at a higher temperature can be made. 

[0076] Further, temperature control is preferably made easily when the temperature for heating is set to be substan- 
tially equal to the temperature for growth of the second group III nitride compound semiconductor layer 
[0077] The AIN layer in each of the samples a to d in Table 2 was heated at 1000°C (5 minutes) in an atmosphere 
of a 1 :0.3 mixture of a hydrogen gas and an ammonia gas so that a GaN layer 1 thick was grown at 1 100°C and 
formed on the AIN layer by the MOCVD method. Optical photomicrographs of surfaces of the respective GaN layers 
obtained in the aforementioned manner were taken. Fig. 8 shows a photomicrograph of the sample a, Fig. 9 shows 
sample b, Fig. 10 shows sample c, and Fig. 1 1 shows sample d. 

[0078] From the photomicrographs, it is understood that the surface of the GaN layer formed on the AIN layer in 
each of the samples a to c was provided as a mirror surface. Hence, another group III nitride compound semiconductor 
layer having an excellent crystallinity can be further grown on the surface of the GaN layer. 

[0079] On the other hand, it is understood that the surface of the GaN layer formed on the AIN layer of the sample 
d was not provided as a mirror surface. This result shows the same tendency when the temperature for growth of GaN 
is in a wide range of from 900°C to 1 200°C. 

[0080] It is preferable from the aforementioned result that the temperature for forming the first group III nitride com- 
pound layer by a method not using organic aluminum as a raw material is set to be in a range of from 200°C to 800°C. 
More preferably, the temperature is in a range of from 300°C to 800°C. Further preferably, the temperature is in a range 
of from 400°Cto 800°C. 

[0081] The AIN layer in each of the samples a to c in Table 2 was heated at 1000°C (5 minutes) in an atmosphere 
of a 1 :0.3 mixture of a hydrogen gas and an ammonia gas so that a GaN layer 4^m thick was grown at 1 100°C and 
formed on the AIN layer by the MOCVD method. The reason why the GaN layer is 4^m thick is that a group III nitride 
compound semiconductor layer having such a thickness is usually formed on a buffer layer in a general light- emitting 
device Figs. 4 to 6 show respective rocking curves of the 4^m-thick GaN layers obtained in the aforementioned man- 
ner. Incidentally, the rocking curves were obtained by execution of g>-28 scanning in use of an X-ray diffraction appara- 
tus (X-pert) made by Phillips. 

[0082] The crystallinity of each of the GaN layers in Figs. 4 to 6 is equivalent to or more excellent than the crystal- 
linity of the GaN layer which is formed, by the MOCVD method, on the buffer layer of a group III nitride compound sem- 
iconductor such as AIN, or the like, formed by the same MOCVD method. That is, the results of Figs. 4 to 6 support the 
fact that the second group III nitride compound semiconductor layer formed on the buffer layer formed by sputtering by 
heating in a predetermined atmosphere, can be put into practical use sufficiently. 

[0083] A semiconductor device is constituted by the second group III nitride compound semiconductor layer formed 
in the aforementioned manner. A known double heterostructure or a known superlattice structure is employed in the 
case of a light-emitting device. Further, a functional device represented by an FET structure may be configured. 
[0084] The light-emitting device 10 shown in Fig. 3 was produced by the producing method according to this 
embodiment. Specifications of respective layers in the light-emitting device 10 in this embodiment are as follows. 
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Table 3 



Layer 


Component 


Dopant 


(Thickness) 


Light-transparency electrode 19 








p-type ciaa layer i o 


p-GaN 


Mg 


/O C\C\t\h.\ 

(o.UOUAJ 


Light-emitting layer 17 


Superlattice structure 






Quantum well layer 


ln 0.15G30 85 N 




(35A) 


Barrier layer 


GaN 




(35A) 


Number of repeated quantum well and barrier layers 


1 to 10 






n-type clad layer 16 


n-GaN 


Si 


(25.000A) 


Buffer layer 1 5 


AIN 




(150 A) 


Substrate 1 1 


Sapphire (face a) 




(300|im) 



[0085] For production of the light-emitting device 10, first, a sapphire substrate 1 1 is set in a DC magnetron sput- 
tering system. A buffer layer 15 of AIN is formed on the sapphire substrate by using high-purity aluminum as a target 
and a mixture of an argon gas and a nitrogen gas as a sputter gas. On this occasion, the substrate is kept at 430°C. 
[0086] Then, the substrate 1 1 having the buffer layer 1 5 formed thereon is taken out from the sputtering system and 
set in a susceptor of a reaction chamber of an MOCVD apparatus. The substrate 1 1 is left for 5 minutes in the condition 
that the substrate 1 1 is heated to a temperature not lower than 1000°C while 10 liters per minute of a hydrogen gas and 
3 liters per minute of an ammonia gas are made to flow. 

[0087] Then, an n-type clad layer 16, a light-emitting layer 1 7 and a p-type clad layer 1 8 are grown by the ordinary 
method of MOCVD. 

[0088] After the p-type clad layer 18 is formed, the p-type clad layer 18, the light- emitting layer 17 and the n-type 
clad layer 16 are partially removed by reactive ion etching, or the like. Then, an n-type electrode pad 21 is formed on 
the etched surface of the n-type clad layer 16 by evaporation method. 

[0089] A transparency electrode 19, which is constituted by a thin film containing gold, is laminated to cover the 
substantially whole upper surface of the p-type clad layer 18. A p-type electrode pad 20, which is also constituted by a 
material containing gold, is formed on the light-transparency electrode 19 by vapor deposition. 
[0090] From the fact that it was possible to form a more excellent second group III nitride compound semiconductor 
layer according to the present invention, it was proved that a light-emitting diode having light-emitting efficiency equiv- 
alent to or more excellent than that of the background-art light-emitting diode can be produced and that the industrial 
applicability of the present invention is very high. 

[0091] The device according to the present invention is not limited to the aforementioned light-emitting diode, but 
may be applied also to other optical devices such as a photodetector , a laser diode, a solar cell, etc., bipolar devices 
such as a thyristor, a transistor, etc., unipolar devices such as an FET, etc., and electronic devices such as a microwave 
device, etc. 

[0092] Further, the present invention may be applied also to laminates which are intermediates of these devices. 
[0093] This invention is not limited to the aforementioned descriptions of the mode for carrying out the invention and 
embodiments thereof at all, but includes various modifications that can be conceived by those skilled in the art without 
departing from the scope of claim for a patent. 
[0094] The following items will be disclosed below. 

(21) A method of producing a group III nitride compound semiconductor device, wherein the method not using 
metal organic compounds as raw materials is a DC magnetron sputtering method. 

(22) A producing method stated in the item (21) wherein the first group III nitride compound semiconductor layer 
contains, as a dopant, at least one member selected from the group consisting of group II elements, group IV ele- 
ments, and group VI elements. 

(23) A producing method stated in the item (21) wherein the first group III nitride compound semiconductor layer of 
AIN contains, as a dopant, one member selected from the group consisting of Si, Ge, S, Te, Mg, and Zn. 

(24) A group III nitride compound semiconductor device, wherein the substrate is made of sapphire. 

(25) A device stated in the item (24), wherein the group III nitride compound semiconductor is formed on a face a 
of the sapphire substrate. 
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(26) A device stated in the item (24) or (25), wherein the method not using metal organic compounds as raw mate- 
rials is selected from the group consisting of: a sputtering method inclusive of a reactive sputtering method; an 
evaporation method; an ion plating method; a laser ablation method; and an ECR method. 

(27) A device stated in any one of the items (24) to (26), wherein the first group 111 nitride compound semiconductor 
layer is made of AlxGa^N (0=0(^1) 

(28) A device stated in any one of the items (24) to (26), wherein the first group III nitride compound semiconductor 
layer is made of AIN. 

(29) A device stated in any one of the items (24) to (28), wherein a mixture ratio of the hydrogen gas to the ammonia 
gas is in a range of from 1 :0.1 to 1 :1 in terms of flow rate ratio. 

(30) A device stated in any one of the items (24) to (28), wherein a mixture ratio of the hydrogen gas to the ammonia 
gas is in a range of from 1 :0.1 to 1 :0.5 in terms of flow rate ratio. 

(31) A device stated in any one of the items (24) to (28), wherein a mixture ratio of the hydrogen gas to the ammonia 
gas is about 1 :0. 3 in terms of flow rate ratio. 

(32) A device stated in any one of the items (24) to (31 ), wherein the temperature at which the first group III nitride 
compound semiconductor layer is heated is in a range of from 1000°C to 1250°C. 

(33) A device stated in any one of the items (24) to (32), wherein the second group III nitride compound semicon- 
ductor layer is formed by a method using metal organic compounds as raw materials. 

(34) A device stated in the item (33), wherein the method using metal organic compounds as raw materials is an 
MOCVD method. 

(35) A device stated in the item (34), wherein the temperature for growth of the group III nitride compound semicon- 
ductor by the MOCVD method is not lower than 1000°C. 

(36) A device stated in the item (26), wherein the method not using metal organic compounds as raw materials is 
a DC magnetron sputtering method. 

(37) A device stated in any one of the items (24) to (36), wherein the first group III nitride compound semiconductor 
layer contains, as a dopant, at least one member selected from the group consisting of group II elements, group IV 
elements, and group VI elements. 

(38) A device stated in any one of the items (24) to (36), wherein the first group III nitride compound semiconductor 
layer of AIN contains, as a dopant, one member selected from the group consisting of Si, Ge, S, Te. Mg, and Zn. 

(39) A method of producing a laminate, comprising the steps of: forming a first group III nitride compound semicon- 
ductor layer on a substrate by a method not using metal organic compounds as raw materials; heating the first 
group III nitride compound semiconductor layer in an atmosphere of a mixture gas containing a hydrogen gas and 
an ammonia gas; and forming a second group III nitride compound semiconductor layer on the first group III nitride 
compound semiconductor layer. 

(40) A producing method stated in the item (39), wherein the substrate is made of sapphire. 

(41) A producing method stated in the item (40), wherein the group III nitride compound semiconductor is formed 
on a face a of the sapphire substrate. 

(42) A producing method stated in any one of the items (39) to (41), wherein the method not using metal organic 
compounds as raw materials is selected from the group consisting of: a sputtering method inclusive of a reactive 
sputtering method; an evaporation method; an ion plating method; a laser ablation method; and an ECR method. 

(43) A producing method in any one of the items (39) to (42), wherein the first group III nitride compound semicon- 
ductor layer is made of AlxGa^xN (0^X^1). 

(44) A producing method in any one of the items (39) to (42), wherein the first group III nitride compound semicon- 
ductor layer is made of AIN. 

(45) A producing method in any one of the items (39) to (44), wherein a mixture ratio of the hydrogen gas to the 
ammonia gas is in a range of from 1:0.1 to 1:1 in terms of flow rate ratio. 

(46) A producing method in any one of the items (39) to (44), wherein a mixture ratio of the hydrogen gas to the 
ammonia gas is in a range of from 1 :0.1 to 1 :0.5 in terms of flow rate ratio. 

(47) A producing method in any one of the items (39) to (44), wherein a mixture ratio of the hydrogen gas to the 
ammonia gas is about 1 :0.3 in terms of flow rate ratio. 

(48) A producing method in any one of the items (39) to (47), wherein the temperature at which the first group III 
nitride compound semiconductor layer is heated is in a range of from 1000°C to 1250°C. 

(49) A producing method in any one of the items (39) to (48), wherein the second group III nitride compound sem- 
iconductor layer is formed by a method using metal organic compounds as raw materials. 

(50) A producing method in the item (49), wherein the method using metal organic compounds as raw materials is 
an MOCVD method. 

(51) A producing method in the item (50), wherein the temperature for growth of the group III nitride compound 
semiconductor by the MOCVD method is not lower than 1000°C. 

(52) A laminate comprising a buffer layer of a first group III nitride compound semiconductor, and a layer of a sec- 
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ond group III nitride compound semiconductor formed on the buffer layer, wherein the buffer layer is formed by a 
method not using metal organic compounds as raw materials and is heated in an atmosphere of a mixture gas con- 
taining a hydroqen gas and an ammonia gas before formation of the second group III nitride compound semicon- 
ductor layer. 

5 (53) A producing method stated in the item (42), wherein the method not using metal organic compounds as raw 

materials is a DC magnetron sputtering method. 

(54) A producing method stated in any one of the items (39) to (51) and (53), wherein the first group III nitride com- 
pound semiconductor layer contains, as a dopant, at least one member selected from the group consisting of group 
II elements, group IV elements, and group VI elements. 
10 (55) A producing method stated in any one of the items (39) to (51) and (53), wherein the first group ill nitride com- 
pound semiconductor layer of AIN contains, as a dopant, one member selected from the group consisting of Si, Ge, 
S, Te, Mg, and Zn. 

(56) A laminate stated in the item (52), wherein the substrate is made of sapphire. 

(57) A laminate stated in the item (56), wherein the group III nitride compound semiconductor is formed on a face 
15 a of the sapphire substrate. 

(58) A laminate stated in any one of the items (52), (56) and (57), wherein the method not using metal organic com- 
pounds as raw materials is selected from the group consisting of: a sputtering method inclusive of a reactive sput- 
tering method; an evaporation method; an ion plating method; a laser ablation method; and an ECR method. 

(59) A laminate stated in any one of the items (52) and (56) to (58), wherein the first group Hi nitride compound 
20 semiconductor layer is made of Al x Ga-,. x N (0^X^1). 

(60) A laminate stated in any one of the items (52) and (56) to (58), wherein the first group III nitride compound 
semiconductor layer is made of AIN. 

(61) A laminate stated in any one of the items (52) and (56) to (60), wherein a mixture ratio of the hydrogen gas to 
the ammonia gas is in a range of from 1 :0.1 to 1 :1 in terms of flow rate ratio. 

25 (62) A laminate stated in any one of the items (52) and (56) to (60), wherein a mixture ratio of the hydrogen gas to 
the ammonia gas is in a range of from 1 :0.1 to 1 :0.5 in terms of flow rate ratio. 

(63) A laminate stated in any one of the items (52) and (56) to (60), wherein a mixture ratio of the hydrogen gas to 
the ammonia gas is about 1 :0.3 in terms of flow rate ratio. 

(64) A laminate stated in any one of the items (52) and (56) to (63), wherein the temperature at which the first group 
30 IH nitride compound semiconductor layer is heated is in a range of from 1000°C to 1250°C. 

(65) A laminate stated in any one of the items (52) and (56) to (64), wherein the second group III nitride compound 
semiconductor layer is formed by a method using metal organic compounds as raw materials. 

(66) A laminate stated in the item (65), wherein the method using metal organic compounds as raw materials is an 
MOCVD method. 

35 (67) A laminate stated in the item (66), wherein the temperature for growth of the group III nitride compound semi- 
conductor by the MOCVD method is not lower than 1000°C. 

(68) A laminate stated in the item (58), wherein the method not using metal organic compounds as raw materials 
is a DC magnetron sputtering method. 

(69) A laminate stated in any one of the items (52) and (56) to (68), wherein the first group III nitride compound 
40 semiconductor layer contains, as a dopant, at least one member selected from the group consisting of group II ele- 
ments, group IV elements, and group VI elements. 

(70) A laminate stated in any one of the items (52) and (56) to (68), wherein the first group III nitride compound 
semiconductor layer of AIN contains, as a dopant, one member selected from the group consisting of Si, Ge, S, Te, 
Mg, and Zn. 

45 

Claims 

1 . A group III nitride compound semiconductor device, comprising: 
so a substrate; 

a first group III nitride compound layer having a thickness of from 5 nm (50 A) to 300 nm (3000 A) and being 

formed on said substrate by a method not using metal organic compounds as raw materials; and 

a second group III nitride compound semiconductor layer being formed on said first group III nitride compound 

layer. 

55 

2. The device according to claim 1 , wherein said substrate comprises a sapphire substrate. 

3. The device according to claim 2, wherein said first group III nitride compound layer is formed on a face a of said 
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sapphire substrate. 

4. The device according to any of the claims 1 to 3, wherein said method not using metal organic compounds as raw 
materials is selected from the group consisting of: a sputtering method inclusive of a reactive sputtering method; 
an evaporation method; an ion plating method; a laser ablation method; and an ECR method. 

5. The device according to any of the claims 1 to 4, wherein said first group III nitride compound layer comprises 
Al x Ga Vx N (0 < x < 1), preferably wherein said first group III nitride compound layer comprises AIN. 

6. The device according to any of the claims 1 to 5, wherein the thickness of said first group III nitride compound layer 
is not smaller than 10 nm (100 A) but smaller than 100 nm (1000 A). 

7. The device according to any of the claims 1 to 6, wherein said first group III nitride compound layer is formed on 
said substrate heated to a temperature not lower than 400 °C. 

8. The device according to any of the claims 1 to 7, wherein said first group III nitride compound layer is heated at a 
temperature of from 1000 °C to 1250 °C, preferably in an atmosphere of a mixture gas containing a hydrogen gas 
or a nitrogen gas and an ammonia gas. 

9. The device according to any of the claims 1 to 8, wherein said second group III nitride compound semiconductor 
layer is formed by a metal organic chemical vapor deposition method. 

10. The device according to any of the claims 1 to 9, wherein, during the step of conducting a metal organic chemical 
vapor deposition method for forming said second group III nitride compound semiconductor layer, said sapphire 
substrate is kept at a temperature of from 1000°C to 1250°C. 

11. The device according to claims 9 and 10, wherein a carrier gas of hydrogen or nitrogen is used in said metal 
organic chemical vapor deposition method for forming said second group III nitride compound semiconductor layer. 

12. A method of producing a group III nitride compound semiconductor device, comprising steps of: 

forming a first group III nitride compound layer on a substrate by a method not using metal organic compounds 
as raw materials; 

heating said first group III nitride compound layer in an atmosphere of a mixture gas containing a hydrogen or 
nitrogen gas and an ammonia gas; and 

forming a second group III nitride compound semiconductor layer on said first group III nitride compound layer. 

13. The method according to claim 12, wherein said substrate comprises sapphire substrate. 

14. The method according to claim 13, wherein said first group III nitride compound layer is formed on a face a of said 
sapphire substrate. 

15. The method according to any of the claims 12 to 14, wherein said method not using metal organic compounds as 
raw materials is selected from the group consisting of: a sputtering method inclusive of a reactive sputtering 
method; an evaporation method; an ion plating method; a laser ablation method; and an ECR method. 

16. The method according to any of the claims 1 2 to 15, wherein said first group III nitride compound layer comprises 
AlxGa^xN (0 < x < 1), preferably wherein said first group III nitride compound layer comprises AIN. 

1 7. The method according to any of the claims 12 to 16, wherein a mixture ratio of said hydrogen gas or said nitrogen 
gas to said ammonia gas is in a range of from 1 : 0.1 to 1 : 1 in terms of flow rate ratio, preferably is in a range of 
from 1 ; 0.1 to 1 : 0.5 in terms of flow rate ratio, more preferably is substantially 1 : 0.3 in terms of flow rate ratio. 

18. The method according to any of the claims 12 to 17, wherein the temperature at which said first group III nitride 
compound layer is heated is in a range of from 1000 °C to 1250 °C. 

19. The method according to any of the claims 12 to 18, wherein said second group III nitride compound semiconductor 
layer is formed by a method using metal organic compounds as raw materials, preferably wherein said method 
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using metal organic compounds as raw materials is a metal organic chemical vapor deposition method, more pref- 
erably wherein the temperature for growth of said second group III nitride compound semiconductor by said metal 
organic chemical vapor deposition method is not lower than 1000 °C. 

20. The method according to any of the claims 12 to 19, said method comprising steps of: 

forming a buffer layer of AIN by a sputtering method on a sapphire substrate at a temperature not lower than 
400 °C; and forming a group III nitride compound semiconductor layer by a metal organic chemical vapor dep- 
osition method on said buffer layer while heating said sapphire substrate, preferably wherein said buffer layer 
is formed on a face a of said sapphire substrate. 

21. The method according claim 20, wherein a carrier gas of hydrogen or nitrogen is used in said metal organic chem- 
ical vapor deposition method when said group III nitride compound semiconductor layer at least in contact with said 
buffer layer is formed. 

22. A group III nitride compound semiconductor device comprising: 

a buffer layer of a first group III nitride compound; and a second group 111 nitride compound semiconductor layer 
formed on said buffer layer, 

wherein said buffer layer is formed by a method not using metal organic compounds as raw materials and is 
heated in an atmosphere of a mixture gas containing a hydrogen or nitrogen gas and an ammonia gas before 
formation of said second group III nitride compound semiconductor layer. 
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FIG. 3 




17 



EP 1 041 609 A1 



FIG. 4 
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FIG. 7A 
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FIG. 7D 




FIG. 7E 
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FIG. 8 
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FIG. 9 
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FIG. 10 
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FIG. 11 
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